INTRODUCTION
Field quantitative studies on populations of opisthobranch molluscs are very scarce (but see Nybakken, 1978; Todd, 1978 Todd, , 1979a Johnson, 1983 Johnson, , 1989 Aerts, 1994) . This is probably due to the fact that the number of specimens is usually low, individuals are small and often cryptic, and therefore field work is difficult and time-consuming. Some studies have been undertaken in intertidal habitats, both in the Pacific Ocean (Nybakken, 1978) and the Atlantic Ocean (Todd, 1979a) . Only one study has been carried out using SCUBA in the Atlantic Ocean (Aerts, 1994) and two in the Pacific Ocean (Johnson, 1983 (Johnson, , 1989 . Other studies have been dedicated to life cycles of only one or two relatively abundant species (Miller, 1962; Thompson, 1958 Thompson, , 1964 Potts, 1970; Harris, 1975; Todd, 1978 Todd, , 1979a Harris, Powers & Ryan, 1980; Eyster & Stancyck, 1981; Seager, 1982; Yonow & Ryland, 1992) . In the Mediterranean Sea, only the studies of Ros (1975 Ros ( , 1978a provide some information on the qualitative distribution of opisthobranch molluscs in time and space. To the best of our knowledge, no quantitative studies on opisthobranch populations have been carried out in the Mediterranean as yet. In order to study the spatial and temporal variability of the opisthobranchs of a Mediterranean bay, Port Lligat (a shallow bay near Cadaqués, Costa Brava) was chosen. Within this bay, we selected a small rocky shore, Sant Antoni (Fig. 1) , since we had carried out some previous qualitative studies there. The aim of this study is to describe the abundance and species richness of opistho-branch molluscs in a Mediterranean bay during two years, and furthermore, to describe the life cycles of the main species present.
MATERIAL AND METHODS
The study area was the peninsula of the Cap de Creus (N Costa Brava, NE Spain; 42Њ18ЈN, 3Њ18ЈE), within a larger bay close to Port Lligat Island, which protects it from easterly winds ( Fig. 1) . Within the bay, the Sant Antoni shore covers an area of about 3300 m 2 . Maximum depth in the bay was 10 m, with sandy substrata covered by Posidonia meadows. The margins of the bay were generally covered by stones, with very few macroalgae. These rocky areas were occupied primarily by calcareous algae and sponges, with Crambe crambe (Schmidt, 1862) 
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*Corresponding author 1992 to September 1994, sampling the shore over 3-4 hour periods (two persons) lifting the stones and examining both sides. A total of 18 qualitative samples were obtained, regularly distributed along the year. For the present study, samples were taken monthly over two years (from February 1997 to January 1999) by scuba diving. The sampling consisted of five stations along two transects, one perpendicular to the shore the other in parallel ( Fig. 1) . Stations 1 and 4 (0.5 m depth) were of stones with sponges, colonial ascidians and Polyplacophora, but station 4 was located in the wave-breaking area and the stones were usually colonised by very few animals. Stations 2 and 3 (1 m depth) were a mixture of stones, sand and beds of Posidonia oceanica (L.) Delile, 1813 with sponges at the base of the plants. Station 5 (3 m depth) consisted mainly of stones and isolated clusters of P. oceanica. At every station, three samples were taken (three independent square metres). For each square, all the stones were lifted, both sides examined, and all the opisthobranchs present were measured in situ and left undisturbed. Only unidentified animals were collected for classification (and therefore, not returned). Egg masses were measured in situ when present. Furthermore, in a complementary qualitative study, about 50 stones were examined each month (outside the sampling stations but nearby), to provide additional information.
Unidentified animals were described in the laboratory, a photograph or a drawing was made while alive, and they were then fixed in 70% ethanol after anesthetizing with magnesium chloride (10%). Later, these specimens were dissected, their internal anatomy described using light microscopy, and for some specimens, the radula and jaws were studied by scanning electron microscopy.
In order to compare abundances and species richness in the five stations studied, a chi-square test was used. Cluster analysis with the Bray-Curtis similarity measure and multivariate analyses (MDS) both from PRIMER 5, were used to detect statistical similarities between samples.
RESULTS
During the preliminary qualitative studies (1992-1994) a total of 127 specimens of 31 species were recorded (Table 1) . Some species remain unidentified and are the subject of an ongoing taxonomic study. During the two years of this study (1997) (1998) (1999) , a total of 222 specimens, belonging to 31 species were found. Amongst these, 26 species and 138 specimens were recorded for the quantitative study, and 24 species and 84 specimens recorded in the qualitative study (Table 1 ). In the quantitative study, abundance and species richness were higher for the first year of study (21 species, 97 specimens, 1997-8; 15 species, 41 specimens, 1998-9) . A chi-square test indicated that the five stations were significantly different both in abundance of opisthobranchs (X 2 ϭ 31.49; d.f. ϭ 4; p ϭ 2.4 ϫ 10 Ϫ6 ) and in species richness (X 2 ϭ 44.96; d.f. ϭ 4; p ϭ 4.0 ϫ 10 Ϫ9 ). Stations 2 and 4 showed the lowest abundances and species richness, while stations 1 and 5 presented the highest values (Fig. 2) . Total values for species richness and abundance were comparable in the different studies carried out (Table 1) . The total number of species found at Sant Antoni shore throughout all these studies was 45.
Cluster analysis (Bray-Curtis similarity measure) and MDS indicated some seasonal trends over the year (both years considered together) and also some station effects (Fig. 3) , although these trends have to be considered very cautiously due to the low abundances found. Samples taken in August from different stations (1, 3 and 5) were similar among them, due to the presence of Dendrodoris grandiflora and Hypselodoris villafranca. June samples (stations 1, 5 and 3) were also related because of the species Aldisa banyulensis and Berthella stellata. Some samples from station 4 (February, March and April) were separated from the rest due to the species Aplysia parvula only being found there. Similarly, some samples from station 1 (November, December, February and April) were different from the rest due to the presence of Aeolidiella soemeringi. Cluster analysis (Bray-Curtis similarity measure) and MDS carried out for the three stations with higher numbers of opisthobranchs (stations 1, 3 and 5) also indicated some seasonal trends (Fig. 4) , although again we must be cautious due to the low abundances found. Spring at station 1 was characterized by the presence of Aldisa banyulensis (March, April, May and June samples), although the presence of other species made the April samples different from the rest of months. For the rest of the year, the presence of Dendrodoris limbata (September and October) and of Aeolidiella soemeringi (November, December, February and April) determined the differences. January was clearly separated because of the exclusive presence of Rostanga rubra. Autumn and winter months at station 3 were characterized by the species Dendrodoris limbata, D. grandiflora and Paradoris indecora (Fig. 4) . May was different from the rest of months due to the presence of Discodoris maculosa. For station 5, April was clearly separated from the rest of months due to the species Facelina annulicornis (Fig. 4) . At this station, the winter months were characterized by the presence of Paradoris indecora (November and December) and Dendrodoris limbata (more abundant in September, December and January). In February and October the presence of Geitodoris planata, and in May and June the species Taringa cf. faba determined the differences.
The nudibranch Aldisa banyulensis was the most abundant species (Table 1) , with higher numbers at the end of winter and spring, and the largest specimens found during spring time (Fig. 5 ). This species was found primarily at station 1, but also at stations 3 and 5. Egg masses of A. banyulensis were found in late spring-early summer during 1997-8 ( Fig. 5) , in accordance with the high numbers of egg masses of A. banyulensis observed in June 1993.
The nudibranch Dendrodoris limbata was the second most abundant species (Table 1) , and was present throughout the year, with very low numbers in summer (Fig. 6) . The largest specimens were found in winter and spring, and a single egg mass was found in May of the first year (Fig. 6 ). This species was present at all five stations, although it was particularly abundant at station 5 (about 50% of the specimens), and in lesser numbers at stations 2 and 3. The specimens found in the qualitative studies also showed a tendency to increase in size between October and April, with the largest individuals found in April 1997 (62 mm) and March 1998 (60 mm) and only one specimen found during summer.
The next most abundant species were Aplysia parvula (station 4 only during the first year), the nudibranch Paradoris indecora (primarily at station 3), and Aeolidiella soemeringi (station 1). For the qualitative data obtained during the period 1992-1994, several juveniles of Chromodoris luteorosea were found in May 1993. Furthermore, in the quantitative study two red juveniles of Dendrodoris grandiflora were found in August 1997 and one in August 1998.
DISCUSSION
Species richness of the opisthobranch faunal assemblage was very similar in the different studies reported, and abundances (number of individuals) were only lower for the 1997-1999 qualitative study. Most species found are typical of those reported for the Catalan littoral (Cervera et al., 1988) . Some species, such as Goniodoris castanea Alder & Hancock, 1845 and Onchidoris albonigra were found in the preliminary qualitative study but were not recorded subsequently. Similarly, only one specimen of Rostanga rubra was found in the quantitative study, despite this species having been abundant in the past. Favorinus branchialis had been recorded in hydroid communities on hard rock bottoms (Ros, 1975) , and it is reported here in shallow areas for the first time. Also, some species were recorded for the first time from the Catalan littoral, these included Aeolidiella soemeringi, Berthella plumula, Berthella stellata, Calma glaucoides, and Jorunna luisiae.
Abundances and species richness were significantly different at the five stations, and perhaps these were related to the physical characteristics of the stations. Stations 2 and 4, with the lowest opisthobranch values, were higher energy environments (characterized by heavier water movement); station 4 had an unstable substratum where the waves break, and station 2 was in the area of maximum boat traffic and included fewer stones (personal observations). Stations 1 and 5, with the highest opisthobranch values, were either deeper, lower energy environments and thus more protected from water movements (Station 5), or to the side of the bay and thereby unaffected by boats (station 1) (personal observations). Also the presence of prey species (such as sponges) had an apparent effect on the distribution of the predatory gastropods. Station 4 had the lowest prey availability, while stations 1 and 5 were the richest in A. DOMENECH, C. AVILA & M. BALLESTEROS Figure 2 . Abundance and species richness of opisthobranchs from the five stations of Sant Antoni shore (Port Lligat Bay) in the quantitative study (1997-1999). terms of sponge abundance (personal observations). The restricted distribution of several species, including Aplysia parvula (station 4), Paradoris indecora (station 3), and Aeolidiella soemeringi (station 1) also was apparently related to habitat differences between the stations. The number of specimens, however, was too low in these species to allow interpretation of their life cycles.
Some seasonal trends and station effects were observed over the year, but the low abundances do not allow a clear interpretation of their variations, neither further statistical analysis of the data. Trends seem to reflect the seasonal effects of the two most abundant species (see below) and the presence of some species at one or more stations only during some months of the year. Consequently, a list of abundant species in springsummer at Port Lligat bay includes: Aldisa banyulensis (February to June), Aplysia parvula (February to April), Berthella stellata (June and July), Facelina annulicornis (February to July), Spurilla neapolitana (February to April), and Taringa cf. faba (May and June), while in autumn-winter the list is reduced to only Dendrodoris limbata (abundant in September to January but present through the year). Some other species, such as Aeolidiella soemeringi, Dendrodoris grandiflora, Paradoris indecora and Geitodoris planata are present throughout the year.
Aldisa banyulensis would appear to have an annual life cycle. Higher numbers of specimens were found at the end of winter and spring, with the largest specimens found in spring, and egg masses in late spring-early summer. By the end of the summer no adult individuals were found. This could indicate that adults die after spawning and juveniles remain too small to be visible until autumn. In the preliminary study (1992) (1993) (1994) , abundant (1997) (1998) (1999) . Month and station number are indicated on the graphs. (1997) (1998) (1999) for stations 1 (top), 3 (middle) and 5 (bottom). Months are indicated on the graphs. egg masses were found in June 1993. All these data are in agreement with the results of García, García and Cervera (1986) , who recorded spawning in the laboratory from December to April, and in the field during July.
Dendrodoris limbata also seems to have an annual life cycle. There was a tendency to increased size from the end of the summer to the next spring, and following records of the egg mass in May of the first year, no more growing adults were found until September (first year) or August (second year). Again, this may indicate that adults died after spawning. Accordingly, specimens found during late summer of the second year were only small. The single specimen found in July of the first year was large and possibly a reproductive adult. In a qualitative study, Ros (1978a) noted higher abundances of this species during the early months of the year, although his sampling in winter was reduced in frequency compared to the rest of the year. Annual life cycles described here are comparable to those described by other authors for Atlantic species (Thompson, 1958; Potts, 1970; Todd, 1978 Todd, , 1979a Eyster and Stancyck, 1981) , and in the laboratory for Mediterranean species (Avila, 1996) .
Juveniles of Dendrodoris limbata found at Sant Antoni shore were uniformly brown in colour with a thin yellow line along the mantle border. Valdés, Ortea, Avila and Ballesteros (1996) described the juveniles as being uniformly yellow, sometimes with a black ring around the rinophores. The specimens of Berthellina found in this study have been assigned to B. edwarsi according to Cervera and Gosliner (1999) . The specimens of Geitodoris planata were found to possess hooked lateral teeth and serrated marginal teeth in the radula, as described by Schmekel and Portmann (1982) . In this regard they differ from the specimens examined by Cervera, García and García (1985) , which had smooth marginal teeth. Possible explanations for this discrepancy could be either related to intraspecific variation or to a size or age variation. The specimens assigned to Jorunna luisiae are identical to those described by Marcus (1976) , both in their radular characteristics and in the jaws, being this the first record of the species for the Iberian Peninsula. The specimens assigned to Taringa cf. faba seem to be identical to those described by Ballesteros, Llera and Ortea (1984) , but Taringa is the subject of a revision that could lead to T. cf. faba being synonymized with other described species, since differences between them are very small.
Aeolids were found only occasionally at Sant Antoni shore, and some of them showed a seasonal pattern. This may be due to the low prey availability of the area and to the seasonality of the hydroids they feed upon, as suggested by Ros (1978b) also in the Mediterranean, and by Swennen (1961) and Aerts (1994) in the Netherlands. By contrast, dorids, which feed mainly on sponges, tunicates and other organisms that are abundant throughout the year, may live longer and display annual life cycles with low abundances (Swennen, 1961; Thompson, 1964; Potts, 1970; Ros, 1978b; Todd, 1978 Todd, , 1979a Aerts, 1994) . Similarly, the low numbers of sea hares and sacoglossans found in Sant Antoni shore would appear to be related to the paucity of macroalgae (personal observations). The absence of cephalaspideans is probably a reflection of the sampling methods, since we did not examine the sand below the stones for scavengers.
The total number of species found (45) was surprisingly high for such a small area. However, abundances were low and this considerably limits the ecological inferences that can be drawn from the data. In the quantitative study, 26 species were recorded from a sampled area of approximately 360 m 2 . This is A. DOMENECH, C. AVILA & M. BALLESTEROS Figure 6 . Abundance and mean size (Ϯ s.d.) of Dendrodoris limbata at Sant Antoni shore (Port Lligat Bay) during the quantitative study (1997) (1998) (1999) . Number of egg masses is indicated on top of the bars. the same number of species found by Johnson (1989) sampling an area of 222 m 2 in Hawaii at night time, but he found 407 specimens (of which 264 were of one species) in one night. Since we found 138 specimens in our study, abundances are quite different in the two cases. In California, Nybakken (1978) recorded 31 species in an intertidal study (carried out over 40 months, three persons during one hour). Again, abundance was the main difference, since he recorded 4162 specimens and most species were relatively abundant. In the Netherlands, Aerts (1994) found 17 species in a quantitative study over a much wider geographical area, but differences in the methodology do not allow comparisons with our data. From all these data, it would appear that Sant Antoni shore is relatively rich in number of opisthobranch species, and comparable to other temperate Atlantic and the Pacific studies, albeit with species at relatively low abundances.
